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OPTICAL TRANSCEIVER WITH A
PLURALITY OF OPTICAL SUBASSEMBLIES
ELECTRICALLY CONNECTED BY
INTEGRATED FPC BOARD WITH A
SUBSTRATE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an optical transcetver, in
particular, the invention relates to an optical transceiver with
a Tunction of a wavelength division multiplexing (hereafter

denoted as WDM).

2. Relater Prior Art

A new type of an optical transceiver has been proposed 1n
which a plurality of receiver optical subassemblies (hereafter
denoted as ROSA) and transmitter optical subassemblies
(hereafter denoted as TOSA) are installed, and such trans-
ceiver may realize the WDM system with relatively lower
cost. This type of the optical transceiver 1s replaceable to the
host system arranging a plurality of optical transcervers each
providing single optical channel.

The United States Patent published as 2003/0063844 has
disclosed an optical transcerver built 1n two receivers (Rx),
single transmitter (1x) and wavelength selective filters that
transmit light with specific wavelength range and retlects
light with wavelengths out of this specific range. This optical
transceiver has the WDM function by dividing input and
output light into two or more beams by the filters. A United
States Patent published as 2004/0101247A has disclosed
another type of an optical transcerver that builds 1n four
receivers or four transmitters and wavelength selective filters.
These conventional transceivers are unfit to a standard trans-
ceiver, because the optical arrangement 1n those transceivers
are primary determined by the arrangement or the function of
the wavelength selective filter.

The United States Patent published as 2006/0088255A has
disclosed an optical transcerver that builds four transmatters,
four receivers and some wavelength selective filters within a
housing with dimensions following the standard, such as
XENPAK and X2, both of which are ruled by IEEE 802.3ae
standard.

In such optical transcerver with a plurality of receivers,
transmitters and filters, 1t 1s necessary to arrange those com-
ponents 1 compact to apply the standard housing, which
makes the optical coupling between components complex
and the electrical connection between transmitters and
receivers with the electronic circuit that 1s also installed
within the standard housing has to be restricted.

FIG. 10 illustrates a conventional electrical connection
within the optical transcerver, 1n which the electrical connec-
tion 1s performed between optical components, namely four
recervers and four transmitters, with the circuit board on
which the electronic circuit 1s installed thereon. Each receiver
or transmitter 1s connected to the circuit board with a flexible
printed circuit board (hereafter denoted as FPC board), 101 or
102, that extends from the edge of the circuit board to respec-
tive optical devices. However, because each optical device 1s
fixed to the optical unit, 11 or 12, with a specific angle inde-
pendent of each device, the drawing of the FPC boards
becomes quite complex, which not only degrades the reliabil-
ity but also prolongs the manufacturing time.

The present invention 1s to provide an optical transceiver
with a simplified electrical connection of a plural receivers

and transmitters with the electronic circuit board.

SUMMARY OF THE INVENTION

An optical transcerver of the present invention has a feature
that the transceiver includes a plurality of optical subassem-
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blies and a substrate. The transceiver converts a plurality of
optical signals 1to a plurality of electrical signals, or a plu-
rality of electrical signals into a plurality of optical signals,
where the optical signals each has a specific wavelength dii-
ferent from each other. The substrate installs an electronic
circuit thereon. In the optical transceiver of the invention, the
optical subassemblies are electrically connected to the sub-
strate only with single FPC board.

The FPC board of the invention provides a center portion,
a plurality of branches, and a umfied portion. The center
portion has substantially polygonal shape that follows the
horizontal section of an optical unit to which the optical
subassemblies are assembled. The optical unit assembles the
optical subassemblies in each side of the polygonal section
and the wavelength selective filters 1n an inner wall of an
opening formed in the center portion of the optical unit. Each
branch of the FPC board, which extends from one of the
polygonal edge of the center portion, connects one of the
optical subassemblies to the substrate by attaching the unified
portion of the FPC board thereto.

Because the plurality of subassemblies 1s electrically con-
nected to the substrate with only one FPC board having
branches corresponding to each subassemblies and the uni-
fied portion attached to the substrate, the drawing of the FPC
board becomes simple and neat, which may enhance the
reliability and reduce the manufacturing cost.

The FPC board of the mvention may provide creases in
respective branches to make 1t sitmple to bend the FPC board

to connect the end of the branch with the subassembly, and
cach crease may accompany with a notch 1n the edge of the
FPC board. The FPC board may further provide an end 1n
cach branch with a rigid substrate attached thereto, where the
end of the branch and the rigid substrate provide via holes,
into which the lead pins of the optical subassembly are
inserted. The shape of the via hole may be an extended oval
bent along a circle whose center 1s substantially same as the
center position of the lead pins. This arrangement of the end
of the branch, in particular, the shape and positions of the via
holes 1n the end, may enhance a tolerance of the assembly
between the FPC board and the optical subassembly.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 11s an appearance of the optical transceiver according
to the present invention;

FIG. 2 1s an exploded view of the optical transceiver shown
in FIG. 1;

FIG. 3 1s a part drawing to describe the optical units of the
optical transcerver according to the ivention;

FIG. 4 schematically illustrates the optically coupling
arrangement within the optical unit according to the embodi-
ment of the invention:

FIGS. 5A and 5B 1illustrate examples of the FPC board
applicable to the receiver optical umit and the transmitter
optical unit shown 1n FIG. 3;

FIG. 6 illustrates one modification of the FPC board for the
transmitter optical unit;

FIGS. 7A and 7B illustrate the process to assemble the
intermediate produce, which includes the optical unit, the
recelver or transmitter subassemblies, the sleeve member and
the FPC board, with the substrate by respective FPC boards,
FIG. 7A 1llustrates the intermediate product viewed from the
upper, while, FIG. 7B illustrates the product viewed from the
lower;

FIGS. 8 A and 8B show the process when the intermediate
product 1s installed on the lower housing;
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FIG. 9 shows a process to set the intermediate product with
the upper housing, the cover, and the grip; and
FIG. 10 illustrates a conventional arrangement to electri-

cally connect the optical units with the substrate by the FPC
board.

DETAILED DESCRIPTION OF THE

INVENTION

FI1G. 1 1s an appearance of an optical transcerver according,
to an embodiment of the present invention. The transceiver 1

has a shape following the standard of the XENPAK or the X2,

and 1s to be 1serted into an opeming provided 1n the faceplate
ol the host equipment. The transcerver 1 provides a latch tab
21 1n the sides, which mates with an opening formed on a
metal rail on the substrate of the host equipment. This mating
ol the latch tab 21 with the opening sets this transcerver within
the host equipment.

On the front end of the transceiver i1s provided with an
optical receptacle 24 into which an external optical connector
1s to be inserted. In the description below, the front of the
transceiver 1 1s a side where the receptacle 1s formed, while
the rear thereot 1s a side to be 1nserted 1nto the opening of the
face plate of the host equipment. The transcerver 1 further
provides a grip 19 that releases the latching between the latch
tab 21 with the opening of the rail by sliding it frontward and
backward around the optical receptacle 24.

The transceiver 1 has a function to receive a plurality of
optical signals each having a different wavelength and to
convert the optical signals into corresponding electrical sig-
nals or to convert a plurality electrical signals 1nto corre-
sponding optical signals each having different wavelengths
and to transmit these optical signals. The transcerver 1 has a
mechanical arrangement shown i FIG. 2. FIG. 2 1s a
exploded view of the transceiver 1. The transcerver 1 includes
a recerving optical unit 11, a transmitting optical unit 12, a
lower housing to install these two units, 11 and 12, a substrate
14 to install an electronic circuit, and two FPC boards, 15 and
16, each connecting the optical unit, 11 or 12, to the substrate
14. The recetving optical unit 11 includes a plurality of
ROSAs, where the embodiment shown 1n FIG. 2 includes 4
ROSAs, while the transmitting optical unit 12 includes a
plurality of TOSAs, where the embodiment includes 4
TOSAs.

The transceiver turther provides an upper housing 17 and a
cover 18, which put the substrate 14 therebetween, the grip to
release the transceiver 1 from the rail, and some heat-dissi-
pating sheets 20 to conduct heat generated by the electronic
circuit on the substrate 14 and by two optical units to the
outside of the transceiver 1. The latch tab 21 1s pushed out by
the leal spring 22 from the body of the transceiver 1 when the
transceiver 1 1s free from the rail.

The fixing bar 13a fixes two optical units, 11 and 12, to the
lower housing 13. The front end of the optical units, 11 and
12, extrudes into the optical receptacle 24 to mate with the
external optical connector. FIGS. 1 and 2, omit the external
optical connector. The upper and lower housings define the
dimensions of the optical receptacle so as to follow the stan-
dard of the optical connector, for instance, the standard of the
SC-type connector, to be mserted 1nto the receptacle 24. The
lower housing 13 provides the SC-latch tab 135 with a pro
jection 1n the front end thereot to be latched with the SC-type
optical connector.

The latch tab 21 and the leafl spring 22 integrally built
together show a function to latch the transceiver 1 with the rail
system provided on the host equipment by pushing the latch
tab outward with the leaf spring 22. Screws 23 assemble the
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4

lower housing 13 with the upper housing so as to put the
substrate 14 therebetween. The cover 18 1s fit with the upper
housing 17.

FIG. 3 illustrates the optical units, 11 and 12, of the present
embodiment. FIG. 3 only illustrates the optical receptacle 24
comprised of the upper and lower housings, 17 and 13, and
two optical units, 11 and 12. Each optical unit, 11 or 12, has
an optical blocks, 11e or 12¢, with a polygonal shape. The
optical block, 11e or 12e, assembles four ROSAs, 11a to 114,
or four TOSAs, 12a to 124, in respective walls of the polygo-
nal that face the wavelength selective filters. One side wall of
the polygonal block, 11e or 12e, protrudes the sleeve member,
11/ or 12/, whose tip end extrudes into the receptacle 24 to
optically couple with the optical connector.

In a center of each polygonal block, 11e or 12e, 1s provided
with an opening, 11e, or 12¢,, with four wavelength selective
filters, refer to symbols 11/, to 11/, 1n FIG. 4, attached to
respective mner surfaces of this opening, 11e, or12¢,. For the
optical unit 11 which divides the optical signals 1nto four
beams with different wavelengths from each other, the signal
light containing wavelengths A,~A, and received via the
sleeve member 11f1s divided 1nto four beams, 11a to 114, by
the wavelength selective filter in the opening 11e,. The opti-
cal unit 12 mixes optical beams with wavelengths A_~A ; each
emitted from the TOSA 12a to 124 by the wavelength selec-
tive filter 1n the opening 12¢, and emits thus mixed optical
signal from the sleeve member 12/

In FIG. 3, the lid 11g covers the aperture 11¢, of the optical
block 11e to protect the aperture; 1n particular, the wavelength
selective filter within the aperture from the dust or the con-
tamination, a similar lid may cover the aperture 12¢, of the
other optical block 12e. Moreover, another lid may cover the
aperture 1n the other side of the optical block, 11e or 12e, not
illustrated in FIG. 3. The optical units, 11 and 12, may further
provide a primary lens and an 1solator as shown in F1G. 4. The
primary lens converts the optical beam transmuitting the sleeve
member 11f into a substantially parallel beam in the optical
umt 11, while, 1t concentrates the optical beam transmitting
the 1solator onto the sleeve member 12/, specifically, a cou-
pling fiber installed within the sleeve member 121,

FIG. 4 schematically illustrates the optical arrangement
within the optical unit. For the optical unit 11, the lens 11;
converts the optical beams, which included a plurality of
optical signals with different wavelengths from each other,
input from the sleeve member 11/ into substantially parallel
beams. The 1solator 11; transmuits the parallel beams toward
the first wavelength selective filter 11/%,. The filter 117,
reflects the beams with wavelengths except for A, toward the
second filter 11%,, while transmits the only beam whose
wavelength 1s A, toward the first ROSA 11a. The beam with
the wavelength A, 1s received by the PD 11a, within the first
ROSA 11a after 1t 1s concentrated by the lens 11a, of the
ROSA 11a.

The second filter 11/, transmits the only beam whose
wavelength 1s A, while reflects other beam the wavelengths
of which 1s except for A, toward the third filter 11/,. The beam
with the wavelength A, advances to the second ROSA 115,
and 1s detected by the PD 115 1n the second ROSA 115 after
passing through the lens 115, . The third filter 11/, passes the
only beam whose wavelength 1s A, toward the third ROSA
11¢, while reflects other beams toward the fourth ROSA 114.

Although FIG. 4 omuts the filter to be placed 1n front of the
fourth ROSA 114, 1t may be preferable to apply the fourth
filter that only transmits the beam whose wavelength 1s A, .
The beam with the wavelength A,, which 1s transmaitted
through the third filter 11/, advances to the third ROSA 11c,
concentrated by the lens 11¢,, and 1s detected by the PD 11¢,
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in the third ROSA 11c¢. The beam with the wavelength A,
which 1s transmitted through the fourth filter, advances to the
fourth ROSA 11d, concentrated by the lens 11d,, and 1is
detected by the PD 114, 1n the fourth ROSA 114d.

Thus, the first to fourth ROSAs, 11a to 11d, may detect >

beams with wavelengths A, to A, respectively. In the case of
the transmitting optical unit 12, the beams each emitted from
respective LDs 1n the TOSAs, 12a to 12d, and having wave-
lengths A, to A, advance to directions opposite to those
explained for the recerving optical unit 11, and the optical unit
12 emuit the single beam multiplexed with wavelengths A to

A, from the sleeve member 12/,

Next, the detail of the FPC substrate will be described. The
FPC board electrically connects the TOSAs/ROSAs
assembled with each optical unit 11 (12) to the substrate. FIG.
5A 1illustrates an example of the FPC substrate 15 that traces
the outer shape of the recerving optical unit 11 shown 1n FIG.
3, while, FIG. 3B illustrates an exemplary FPC substrate 16
tracing the shape of the transmitting optical umt 12. FIG. 7TA 20
illustrates the optical units, 11 and 12, viewed from the upper
side, while, FIG. 7B illustrates the optical units, 11 and 12,
viewed from the bottom side, where the optical units, 11 and
12, are assembled with the ROSAs, 11a to 11d, and TOSAs,
12ato 124, and respective ROSAs and TOSAs are electrically 25
connected to the substrate 14 with the FPC boards, 15 and 16.
The FPC board 15 (16) has a center portion 15a (16a) which
traces the outer shape of the optical unit 11 (12). Each FPC
board, 15 (16) provides four branches 155 (165) each extend-
ing from the center portion 15a (16a) toward the ROSA, 11a 30
to 114, or toward the TOSA, 12a to 12d. The end of each
branch 1556 (165) forms a round to follows the outer shape of
the ROSA, 11a to 114, and that of the TOSA, 124 to 12d. The
FPC board 15 (16) further provides a unified portion, 15¢
(16c) where the interconnecting patterns electrically con- 35
nected each ROSAs, 11a to 11d, or TOSAs, 124 to 12d, are
corrected.

The center portion 15a (16a) has a polygonal shape that
retlects the plane shape of the optical block 11e (12¢) of each
optical unit 11 (12). The branches 155 (165) and the unified 40
portion 15¢ (16c¢) are brought out from respective sides of this
polygonal center portion 15a (16a). Thus, the FPC board 15
(16) 1s formed so as to fit the outer shape of the optical block
11e (12e).

Each branch 156 (16b) provides a rigid substrate 1n the 45
round end thereof to recerve a plurality of lead pins of respec-
tive ROSAs, 11a to 11d by via holes corresponding to the lead
pins. These lead pins of each ROSA, 11a to 11d, transmit two
signals, Sig+ and Sig—, that 1s converted from the current
signal output from the PD into voltage forms complementary 50
to each other, a power supply Vcc to provide an electric power
to the pre-amplifier in the ROSA, another power supply Vpd
to bias the PD, and the ground lead. The via holes 1n each rigid
substrate correspond to these five lead pins.

Each branches 165 of the other FPC board 16 for the TOSA 55
12a to 12d provide a rigid substrate that forms a plurality of
via holes to recerve three or four lead pins of the TOSA 124 to
12d. Three lead pins correspond to the anode lead LD+, the
cathode lead LD- and the ground 1n the three-lead configu-
ration, while an additional lead to bring out the monitor signal 60
Mon may further provide 1n the four-lead configuration. The
lead pins, LD+ and LD—, supply the driving current to the LD,
and the additional lead Mon 1s for taking out the monitor
signal that retlects the output optical power of the LD 1n the
TOSA. 63

The rigid substrates attached 1n the round end of respective
branches 155 (165) of the FPC board 15 (16) 1s to support the
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FPC board 15 (16) mechanically, because the FPC board 1s
flexible and has less mechanically stiffness to receive the
plurality of lead pins.

The end of the unified portion 15¢ (16c¢) of the FPC board
15 (16) forms a plurality of pads to be electrically connected
to the pads provided on the substrate 14. The pads formed on
the substrate 14 are those extended from the connecting pat-
tern on the substrate 14. The count of the pads in the FPC
board 15¢ (16c¢) are at least 20 pads (=5 pinsx4 ROSAs) for
the FPC board 15, while they are at least 12 pads (=3 pinsx4
TOSASs) for the board 16. It 1s preferable from the view point
of the crosstalk noise that, on the FPC board 11 (12), the
ground patterns 1n addition to the signal lines and the poser
supply lines 1n respective ROSAs, 11a to 114, or TOSAs, 124
to 12d, are independent to each other, namely, grouped by
cach TOSA and electrically 1solated to each other. These pads
including the ground pads may be arranged 1n a plurality of
arrays 1n the unified portion 15¢ (16¢).

The center portion 15a (16a) of the FPC board 15 (16) 1s
placed on the bottom of the block 11a (12a) of the optical unit
11 (12), and respective branches 155 (165) are bent at the end
of the optical block 11e (12¢) to face the rigid substrate
provided in the round end of each branch 115 (1254) to each
ROSAs, 11ato11d, or TOSAs, 12ato 12d, which enables the
lead pins of the ROSA or the TOSA to insert through the via
holes and to be soldered with the interconnecting patterns on
the FPC board 11 (12). Similarly, the pads in the unified
portion 15¢ (16¢) are soldered with the pads on the substrate
14.

The FPC board 15 (16) provides creases 154 (16d) 1n
positions corresponding to the edge of the polygonal optical
block 11 (12), as shown 1n FIGS. SA and 5B to facilitate to
bend each branch 1556 (165) and to solder the unified portion
15¢ (16c¢) with the substrate 14.

FIG. 6 1llustrates a modification of the FPC board 116 for
the transmitting optical umt 12. This FPC board 116 also
provides four branches 1165 with the round end, and each
round end provides four via holes 116e corresponding to the
lead pins of the TOSAs 12a to 12d. The via holes 116¢ 1n this
modified FPC board 116 have a broad bean shape, namely, an
extended oval bent along a circle whose center 1s substantially
same as the center of the lead pins. The ROSAs 11a to 114 and
the TOSAs 12a to 124 have a co-axial shape and the lead pins
thereol have circular positions with the center, which 1s sub-
stantially same arrangement of that of the via holes in the FPC
board 116. Because the lead pins inserting through this oval
hole have the tolerance 1n their positions, the lead pins may be
released from the stress even aiter they are soldered with the
FPC board 116. Moreover, the FPC board 116 shown in FIG.
6 further provides notches 1n the end of each crease, which
turther facilitate to bend the branches 1165 and to release the
lead pin soldered with this FPC board 116 form the stress.

Thus, the FPC board with a plurality of branches connects
cach ROSA or TOSA to the substrate and the FPC board
tollows the outer shape of the optical unit where the ROSA or
TOSA 1s assembled to, the inner arrangement of the trans-
ceiver may be simplified even the transceiver installs a plu-
rality of ROSAs or TOSAs. Next, the process to assemble the
transcerver, in particular, the assembly of the optical unit with
the lower and upper housings will be described 1n detail as
referring to FIGS. 7 t0 9.

(Assembly of the Optical Unit)

First, the optical unit 11 (12) installs the ROSAs, 11a to
114, and the TOSAs, 12a to 124, 1n corresponding side walls
of the unit 11 (12). In this process, the sleeve member, 111 or
12/, 1s also nstalled 1in one of the side walls of the optical unit
11 (12). Subsequently, wavelength selective filters are set
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within the inner wall of the center aperture 11e, (12¢,) of the
unit. The YAG laser welding fixes the ROSAs 11a to 114, or

TOSAs 12a to 124, to each unmit 11 (12). In this welding
process, the rotation angle of the ROSA or the TOSA with
respect to their optical axis should be noticed. The angle of the
ROSA or the TOSA, 1n particular, the positions of their lead
pins, 1s necessary to correspond to the position of the holes
provided in the FPC substrate 15 (16). Some types of the
alignment mark in the optical unit 11 (12) and 1n the ROSA or
the TOSA will enhance the preciseness of the rotation angle
of the ROSA or the TOSA, or, the holes with the broad beans
alorementioned will expand the tolerance of the rotation
angle of the ROSA or the TOSA.

(Connecting the Optical Unit with the Substrate by FPC
Board)

Next, the lead pins of the ROSAs 11a to 114, and those of
the TOSAs 12a to 12d, are soldered with the FPC board.
Inserting the lead pins of the ROSAs 11a to 114 and TOSAs
12ato 124 1nto the viaholes 1n each FPC boards 15 and 16 and
soldering the lead pins to the interconnecting patterns on the
FPC board, an assembly of the optical unit 11 (12) with the
plurality of the ROSAs 11a to 114 and with the FPC board 15
(16) may be obtained. Subsequently, the unified portion 135¢
(16¢) of the FPC board 15 (16) are soldered 1n the pads thereot
with the pads on the substrate 14 to get an intermediate
product shown 1n FIGS. 7A and 7B, where FIG. 7A 1s a top
view ol the intermediate product while FIG. 7B 1s a bottom
view ol the product. It 1s preferable to bend the FPC board 15
(16), specifically, the branches 1556 (165) of the FPC board 15
(16) at the crease to facilitate the inserting the lead pins 1nto
the holes and to solder the lead pin with the mterconnecting
patterns on the FPC board 15 (16).

As shown 1n FIGS. 5A and 5B, and FIG. 6, one of the
branches whose position 1s opposite to the position where the
sleeve member 111 (12f) 1s set has two creases 15d, 16d or
116d. As shown in FIG. 7A, this branch 1s first bent upside at
the crease tracing the outer shape of the polygonal block 11e
or 12e and 1s secondly bent at the crease provided in the round
end side of branch to receive the lead pins of the ROSAs and
those of the TOSAs, because the unified portion, 15¢ or 16c¢,
of the FPC board 15 (16) overlaps and hides the lead pins of
the ROSA 11q and those of the TOSA 124.

Moreover, the center portion, 15a or 164, of the FPC board,
15 or 16, may provide a double-sided adhesive tape to fix the
FPC board, 15 or 16, to the optical block, 11e or 12e, respec-
tively. To align the center portion, 15a or 16a, with the
polygonal shape with the optical block, 11e or 12¢, also with
the polygonal shape may facilitate the manufacturing process
of the optical unit, 11 or 12, with the FPC board, 15 or 16.

(Assembly of the Intermediate Product with the Lower
Housing)

Next, thus assembled intermediate product with the optical
units, 11 and 12, the ROSAs 11a-114 and the TOSAs 12a-
124, and the substrate 14 1s installed within the lower housing
13 with the SC-latch tab 135 and fixed with the bar 134 to the
lower housing 13. FIGS. 8A and 8B illustrate the process
where the intermediate product 1s installed with the lower
housing 13. FIG. 8A 1llustrates the process before the bar 134
1s attached, while, FIG. 8B shows assembly after the bar 13a
1s fixed to the housing 13.

The sleeve members, 111 and 12/, each provide a pair of
flanges, 117, and 11f,, or 12f, and 12/,, between which the
projections formed 1nner side walls and bottom surface of the
lower housing 13 are put, which determines the positional
relation between the sleeve members, 11/ and 12/, and the
lower housing 13. Strictly, to fit the bar 13a between the rear
surface of the front flange, 117, or 12f,, and the front surface
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of the projection 13¢ formed 1n the lower housing determines
the position of the sleeve members, 11/ and 127, with respect
to the lower housing 13.

The tip end of the sleeve members, 11/and 12/, extrude into
the optical receptacle 24 and the length of the extrusion 1s
necessary to follow the standard of the optical receptacle and
the optical connected to be mated with the optical receptacle.
The present optical transceiver may follow the standard by
fixing the optical units, 11 and 12, to the lower housing 13. In
this process, the latch tab 21 and the leaf spring 22 to push out
the latch tab 21 outwardly are installed on the side of the
optical receptacle 24, which 1s 1llustrated 1n FIGS. 8B and 8A.

(Assembly of the Upper Housing, the Cover and the Grip)

Subsequently, thermal sheets 20 are attached on the elec-
tronic devices on the substrate 14 and on the optical units, 11
and 12. Both housings, 13 and 17, are assembled with some
screws 23, the meal cover 18 1s attached to the lower housing
13, while, the grip 19 1s set on the optical receptacle 24. FIG.
9 shows the process to assemble these components with the
intermediate product with the optical units, 11 and 12, and the
substrate 14.

While this invention has been described with reference to
illustrative embodiments, this description 1s not intended to
be construed 1 a limiting sense. Various modifications and
combinations of the illustrative embodiments, as well as other
embodiments of the ivention, will be apparent to persons
skilled 1n the art upon reterence to the description. It 1s there-
fore intended that the appended claims encompass any such
modifications or embodiments.

We claim:

1. An optical transceiver for converting between a plural
optical signals each having a specific wavelength different
from each other and a plural electrical signals each corre-
sponding to one of optical signals, the transceiver compris-
ng:

an optical unit including a plurality of wavelength selective
filters and a plurality of optical subassemblies, each
wavelength selective filters transmitting one of optical
signals having the specific wavelength, each subassem-
blies facing one of wavelength selective filters;

a substrate that installs an electronic circuit thereon which
1s electrically connected to each of the optical subassem-
blies; and

a flexible printed circuit board that electrically connects
cach of the optical subassemblies to the substrate, the
flexible printed circuit board including a plurality of
branches, an unified portion, and a center portion with a
polygonal shape tracing an outer shape of the optical
unit, each of the branches extending from each of edges
of the polygonal shape and being connected to one of the
optical subassemblies, the unified portion extending
from one of the edges of the polygonal shape not extend-
ing the branches and being connected to the substrate,

wherein the center portion of the flexible printed circuit
board 1s bonded to the optical unit so as to trace the
polygonal shape of the center portion of the flexible
printed circuit board with an outer shape of the optical
unit.

2. The optical transcerver according to claim 1,

wherein the flexible printed circuit board provides creases
at interfaces between the center portion and each of the
branches and at an interface between the center portion
and the unified portion.

3. The optical transcerver according to claim 2,

wherein each of the creases provides a notch 1n an edge of
the flexible printed circuit board.
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4. The optical transcerver according to claim 1,

wherein each of the branches provides a round end with a
rigid substrate whose shape traces the round end,

wherein the round end and the rigid substrate provides a
plurality of via holes each corresponding to one of lead
pins provided 1in the optical subassembly, each lead pin
soldered and supported with the rigid substrate.

5. The optical transceiver according to claim 4,

wherein the via holes 1n the rigid substrate and 1n the round
end of the branch have a prolonged oval shape arched
along a circle with a center substantially same as a center
of the round end.

6. The optical transcerver according to claim 1,

wherein the tlexible printed circuit board has interconnect-

ing patterns grouped into each of the optical subassem-
blies,

wherein each of the ground patterns of the grouped inter-
connecting patterns 1s electrically 1solated to each other.

7. An optical transcetver comprising:

a recerver optical unit that includes four ROSAs and first
four wavelength selective filters, the recerver optical unit
being provided with a recerving optical signal each hav-
ing one of first four wavelengths different from each
other, each of the ROSAs receiving a portion of the
optical signal with one of first to fourth wavelengths
filtered by one of the first four wavelength selective
filters,

a transmitter optical unit that imncludes four TOSAs and
second four wavelength selective filters, the transmitter
optical unit providing a transmitting optical signal each
having one of second four wavelengths different from
cach other, one of the second four wavelength selective
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filters multiplexing a portion of the transmitting optical
signal with one of second four wavelengths output from
one of four TOSAs;

an electronic circuit installed on a substrate;

a first flexible printed circuit board including a center por-
tion, four branches and a unified portion, the center
portion having a first polygonal shape tracing a horizon-
tal section of the recerver optical unit, each of branches
extending from one of edges of the first polygonal center
portion having a round end electrically connected to one
of the ROS As, the unified portion being connected to the
substrate; and

a second flexibly printed circuit board including a center
portion, four branches and a unified portion, the center
portion having a second polygonal shape tracing a hori-
zontal section of the transmitter optical unit, each of the
branches extending one of edges of the second polygo-
nal center portion and having a round end electrically
connected to one of the TOSAs, the unified portion
being connected to the substrate;

wherein the first polygonal center portion of the first flex-
ible printed circuit board 1s attached to the recerver opti-
cal unit so as to align the polygonal shape of the center
portion of the first flexible printed circuit board with the
horizontal section of the receiver optical unit, and

wherein the second polygonal center portion of the second
flexible printed circuit board 1s attached to the transmit-
ter optical unit so as to align the polygonal shape of the
center portion of the second flexible printed circuit
board with the horizontal section of the transmitter opti-
cal unit.
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